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Abstract 
This study aimed to examine the effect of emotion recognition training on social 
anxiety symptoms among adolescents, aged 15-18 years. The study included a 
screening session, which identified participants who scored above a cut-off on a self-
report measure of social anxiety for enrolment into a randomized controlled trial 
(Clinical Trials ID: NCT02550379). Participants were randomized to an intervention 
condition designed to increase the perception of happiness over disgust in ambiguous 
facial expressions or a sham intervention control condition, and completed self-report 
measures of social anxiety, fear of negative evaluation, anxiety-related disorders, and 
depressive symptoms. The intervention group demonstrated a strong shift in the 
balance point at which they perceived happiness over disgust in ambiguous facial 
expressions. This increase in positive perception was not associated with any changes 
in the primary outcome of social anxiety; however, some evidence of improvement in 
symptomatology was observed on one of a number of secondary outcomes. Those in 
the intervention group had lower depression symptoms at 2-week follow-up, 
compared to those in the control group who received the sham intervention training. 
Potential reasons for why the shift in balance point measurement was not associated 
with a concurrent shift in symptoms of social anxiety are discussed. 
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emotions, social anxiety, facial expressions, emotion perception, emotion recognition 
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1. Introduction 
Cognitive biases related to fear of negative evaluations in social situations are thought 
to cause and maintain symptoms of social anxiety (Clark and Wells, 1995). Biased 
processing of facial expressions is a cognitive bias that is particularly relevant to the 
maintenance of social anxiety (Schulz et al., 2013), as the human face represents a 
potent social cue, signalling feedback from others (Staugaard, 2010). Faces play an 
important role in everyday life, and an individual’s ability to accurately recognise the 
emotional content in faces is critical to social functioning (Adams et al., 2013). Facial 
expressions are signals which communicate acceptance, threat, and rejection. 
Individuals with high levels of social anxiety are more likely to misinterpret facial 
expressions as conveying threat such as anger or contempt, especially when exposure 
is brief or the emotion is expressed with less intensity (Bell et al., 2011; Heuer et al., 
2010).  
Socially anxious individuals are shown to interpret ambiguous information in 
a negative way (Salemink and van den Hout, 2010), and facial expressions which 
contain cues of different emotions are intrinsically ambiguous (Matsumoto et al., 
2008).  
Rapee and Heimberg’s (1997) cognitive model of social anxiety proposed that 
socially anxious individuals preferentially allocate attentional resources to the 
monitoring of potential external threat, where threat refers to indicators of possible 
negative evaluations such as frowns, signs of boredom, etc. Importantly, such social 
cues are often ambiguous lending themselves easy to distortion and the processing of 
cues will frequently have a negative bias. Thus, social cues may be perceived as a 
source of threat. There is evidence suggesting that individuals with high social anxiety 
are more likely to misinterpret ambiguous or neutral social cues such as facial 
expressions as negative (Bell et al., 2011; Heuer et al., 2010). In line with cognitive 
models of anxiety, recurrences of such facial misinterpretations may lead to an 
increase in social anxiety and avoidance. Thus, biases in emotional processing may 
form an important component in the maintenance of social anxiety.  
The exact nature of biased processing of facial expressions is unclear in social 
anxiety and it is important to consider how the decoding of emotional expressions in 
faces is assessed in studies of social anxiety: Studies typically assess face decoding 
using (1) accuracy (i.e., the correct identification of a signal when a signal is present 
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e.g., label an ‘angry’ face as ‘angry’) or (2) response bias (i.e. the  tendency towards 
certain responses or mistakes when unsure e.g., label a ‘neutral’ face as ‘angry’).  
Bell et al. (2011) asked individuals with generalised social phobia (N = 57, M 
= 37 years) to complete a facial expression recognition task which presented six 
emotions (anger, fear, disgust, happy, sad, surprise) at levels of intensity between 
10% and 100% (in 10% steps), where low intensity ‘ambiguous’ expressions were at 
levels of 10% and 20%. Socially anxious participants were more likely to misclassify 
facial expressions as angry, and to interpret neutral expressions (0% intensity) and 
ambiguous expressions as angry, indicating a response bias for decoding anger, an 
emotion associated with threat. There was no difference between the socially anxious 
and control group in accuracy identifying any of the emotions, highlighting the 
importance of assessing response bias in facial decoding. 
Heuer et al. (2010) investigated interpretation of facial expressions in highly 
socially anxious females compared to non-anxious controls (N = 57, M = 20 years). 
The study used a morphed movie face task, where a neutral face changed gradually 
into an angry, happy, or disgusted expression. Contempt, which is strongly associated 
with social rejection, was included as an additional response category. Socially 
anxious individuals showed an interpretation bias towards contempt for disgust faces 
under time pressure, due to their fear of negative evaluations, whereas controls had a 
positive bias towards interpreting disgust as happiness. There was no group difference 
between the high social anxiety and control groups for anger, suggesting that socially 
anxious youth may misinterpret disgust as contempt, and disgust faces may convey a 
more personal/social meaning such as aversion or rejection (e.g., Rozin et al., 1994) 
in line with DSM-5 criteria.  
In another study, Button et al. (2013) assessed decoding of emotional 
expressions at low intensities (<65%) in high and low socially anxious females (N = 
102; M = 23 years). Participants were asked to identify the emotion shown in each 
face by selecting the descriptor which best described the facial expression (e.g., happy, 
sad, fearful, disgusted, angry, or neutral). Results showed that while social anxiety 
was not associated with accuracy in decoding facial expressions, anxiety was 
associated with a response bias in decoding facial expressions at low intensity. High 
socially anxious individuals classified more low intensity expressions as emotions, 
but more frequently classified these expressions incorrectly. Interestingly, this bias 
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was not specific to emotions such as anger or disgust but reflected a general response 
bias.  
Taken together, these studies suggest that decoding emotion expressions is a 
bias shown in socially anxious individuals. The evidence suggests that socially 
anxious individuals are more likely to show a bias towards threat (angry or disgust 
faces) (Bell et al., 2011; Heuer et al., 2010), and  more likely to misclassify neutral 
expressions as emotions (Bell et al., 2011; Button et al., 2013). 
In line with cognitive models of social anxiety (Rapee and Heimberg, 1997), 
biases in decoding ambiguous, neutral, or low intensity facial expressions may 
contribute to maintenance of social anxiety as follows: On encountering a social 
situation, an individual focuses their attentional resources onto both their mental 
representation of their appearance and behaviour (performance), and onto monitoring 
any potential external threats. For individuals with social anxiety, potential external 
threats refer to indicators of possible negative evaluation in their social environment 
such as frowns, signs of disgust, etc. Importantly, such social cues are often indirect 
and ambiguous lending themselves easily to distortion and the processing of these 
cues will frequently have a negative bias. An individual with social anxiety may 
misread ambiguous, neutral, or low intensity facial expressions in others as signals of 
social disapproval such as disgust or contempt and may respond inappropriately. 
Anxieties about getting social situations wrong may increase sensitivity to emotion, 
but at the cost of being more likely to misread the emotional signal. Over time, 
misreading facial expressions of emotion and subsequent inappropriate behaviours 
(e.g., avoiding eye contact, standing on the periphery of a group) could undermine 
social confidence, give rise to avoidant behaviour, and maintain social anxiety.  
Emotion recognition training is a novel technique which targets the 
recognition of facial expressions of emotions, i.e. biased emotion processing, by 
promoting the perception of positive over negative emotions in ambiguous facial 
expressions (Adams et al., 2013). Penton-Voak et al. (2012)1  showed that emotion 
recognition training in young adults reporting high levels of depressive symptoms (N 
= 77, median age = 21 years) has the potential to modify emotion perception and 
increase positive mood in participants displaying symptoms of depression, by 
promoting perception of ‘happiness’ over ‘sadness’ in ambiguous facial stimuli. At 
                                                        
1 A follow-up study (data not yet published) did not replicate this finding in a larger sample. 
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baseline, participants judged faces from a linear morphed sequence, of 15 equally 
spaced images, that changed in displayed emotion incrementally from unambiguously 
‘happy’ with emotionally ambiguous images in the middle, to unambiguously ‘sad’. 
From these data, a balance point was calculated, the point at which participants 
shifted from perceiving happiness to sadness in the presented face. The training phase 
followed during which feedback (correct, incorrect) was provided. The intervention 
condition provided feedback based on a shifted balance point, so that participants 
were trained to judge expressions near the balance point that were previously judged 
as ‘sad’, as ‘happy’. The control condition provided feedback based on the same 
balance point calculated in the first phase. There was evidence of an increase in 
positive affect, and a shift in balance point for those in the intervention condition 
compared to the control condition.  
Other studies, using a similar training paradigm describe above, have provided 
evidence that using emotion recognition training to promote ‘happiness’ over ‘anger’ 
leads to reductions in anger and aggressive behaviour in individuals at high risk of 
criminal offending and decreased irritability in youth with disruptive mood 
dysregulation disorder (Penton-Voak et al., 2013; Stoddard et al., 2016).  
Research is needed to examine if there is a relationship between biases in 
perception of emotional expressions and the maintenance of social anxiety. As 
mentioned above, research indicates that socially anxious individuals misinterpret 
facial expressions as negative. A bias towards perceiving ambiguous emotional 
expressions as negative may change behaviour, which may in turn elicit negative 
reactions from others and thus maintain these biases in people with social anxiety. 
This study is the first to directly modify the perception of ambiguous emotional 
expressions in adolescents with high social anxiety in order to reduce their social 
anxiety symptoms.  
Individuals with social anxiety have a biased tendency to interpret ambiguous 
stimuli in a negative manner, and emotion recognition training may provide a 
treatment target for those with social anxiety. Interpretation biases of ambiguous cues 
are established targets for cognitive bias modification (CBM) training for anxiety.  
A meta-analysis of the effects of CBM on social anxiety found that there were 
significant effects of CBM on the primary symptoms of SAD and cognitive bias 
toward threat, and younger participants were more likely to benefit from CBM (Liu et 
al., 2017). Given some evidence that younger participants may benefit more from 
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CBM, we are interested to perform ER training target social anxiety among 
adolescents. The current emotion recognition training is a novel CBM technique that 
aims to examine if modifying biases in decoding ambiguous facial expressions, has a 
subsequent change on social anxiety symptoms.  
There is evidence to support that higher trait and state anxiety is associated with 
poorer emotion recognition (Blair et al., 2008; Attwood et al., 2017). Experimental 
research has shown reduced emotion recognition accuracy and increased 
interpretation bias when state anxiety was heightened (Attwood et al., 2017). 
Research has examined socially anxious individuals interpretation of ambiguous 
emotional expression and shown support for a negative bias, with increased tendency 
to perceive anger in ambiguous emotional expressions (Mohlman et al., 2007). These 
studies suggest that biased emotion recognition is a cognitive feature of social anxiety 
that needs further investigation. 
  
The present study 
The present study investigated the effects of four emotion recognition training 
sessions which aimed to reduce symptoms of social anxiety in a non-clinical sample 
of adolescents. Participants with high levels of social anxiety in the community were 
randomized to receive the emotion recognition training intervention, designed to 
increase the perception of happiness over disgust in ambiguous facial expressions, or 
to a control group who received sham intervention training. The balance point at 
which happiness was perceived over disgust was recorded at the beginning and end of 
each of the four training sessions, and positive changes in the balance point were 
proposed to lead to a reduction in social anxiety symptoms. The training aimed to 
modify emotion perception by increasing the perception of happiness over disgust in 
ambiguous facial expressions. We hypothesise that individuals randomized to receive 
emotion recognition training will show a favourable shift in the balance point at 
which they perceive happiness over disgust, and subsequently symptoms of social 
anxiety will reduce in this group compared to the control group. Thus, training will 
alter the balance point and social anxiety symptoms will reduce as a result.  
 
Method 
2.1 Design 
RUNNING HEAD: Emotion Recognition Training and Social Anxiety 
 
8 
 
This study examined the effect of emotion recognition training in a community-based 
sample of adolescents scoring above a cut-off  indicative of clinically significant 
levels of social anxiety on a self-report measure (Social Phobia and Anxiety Inventory 
for Children, SPAI-C; Beidel et al., 1998, 2000) using a parallel groups randomized 
controlled trial (RCT) design (Clinical Trials ID: NCT02550379). Participants 
completed a screening session (Phase 1) and were randomized to intervention or sham 
intervention training (Phase 2), repeated once per day over four consecutive days 
(Monday-Thursday). Pre-intervention anxiety and depression measures were 
administered directly before the first training session, and post-intervention data were 
collected with the same measures immediately after the fourth training session. A 
follow-up session took place at 2-weeks post-intervention. 
 
2.2 Sample size determination 
Using G*Power 3.1 program (Faul et al., 2009), we estimated that a sample size of n 
= 111 was required based on the following parameters:  80% power at an alpha level 
of 5%, effect size of d = 0.30 at 2-week follow-up corresponding to a difference of 2 
points on the SPAI-C (Beidel et al., 1998, 2000), a repeated measures within-between 
interaction: 2 training groups (Intervention, Control) X 3 time-points (Pre-
intervention, Post-intervention, Follow-up). 
 
2.3 Participants and recruitment 
2.3.1 Participants 
A total of 1,514 students were invited to participate in the screening session (Phase 1). 
Initial contact was made with schools through an invitation email which was followed 
up by phone call. Eleven schools agreed to participate. A member of the research 
team visited the school to explain the study and distribute information packs to 
students, containing parent and student information sheets, consent forms, and assent 
forms. 
  Students were excluded from Phase 1 if they had not returned a signed 
parental consent form (n = 1,217), were absent on the day of screening (n = 42), or if 
it was indicated on the parental consent form that the student had a diagnosed mental 
health disorder or was currently seeing a mental health professional (n = 3). Phase 1 
participants consisted of 255 adolescents (102 males, 151 females, 2 transgender, age 
range = 15-18 years), indicating an overall response rate of approximately 17%. Of 
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these, 115 participants screened above a cut-off on the SPAI-C (Beidel et al., 1998, 
2000) and were enrolled into Phase 2. During data collection, 23 participants were 
excluded from Phase 2, leaving 92 participants for analysis (see Figure 1). Of these 92 
participants, two had completed all training sessions in the intervention condition, and 
pre- and post-intervention data, but no follow-up data were collected. The intention-
to-treat approach was used when analysing follow-up data for these two participants, 
using the last data point carried forward method, similar to other RCTs (Waters et al., 
2014). Last observation carried forward is reasonably widely used in clinical research 
and trials (Little, 2012). 
 
[INSERT FIGURE 1] 
 
Phase 2 participants were 92 adolescents who reported high levels of social anxiety, 
(33 male, 59 female). The mean age was 15.77 years (SD = .66), and 64 were in 4th 
year while 28 were in 5th year. 93.4% of participants identified as ‘White’ while the 
remaining 6.6% identified as either ‘Black’, ‘Asian,’ or indicated a ‘mixed’ ethnicity. 
40.2% of participants attended a mixed-sex school while 59.8% attended a single-sex 
school. Data were collected between September 2015 and April 2016. 
 
[INSERT TABLE 1] 
 
2.3.2 Inclusion and exclusion criteria 
Participants, both male and female between 15 and 18 years of age, who scored above 
a cut-off of ≥21 on the SPAI-C (Beidel et al., 1998, 2000) were invited to take part in 
the RCT. Participants were excluded from the study if they scored <21 on the SPAI-C, 
declined to participate, did not provide written parental consent from one 
parent/guardian to take part in the study, or if their parent reported that the participant 
has a diagnosed mental health disorder or that they were currently attending a mental 
health professional.  
 
2.4 Outcomes 
2.4.1 Primary outcome measure 
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The primary outcome measure was social anxiety symptoms as measured by the 
SPAI-C at post-intervention (Beidel et al., 1998, 2000). 
. 
 
2.4.2 Secondary outcome measures 
The secondary outcome measures were: social anxiety symptoms as measured by the 
SPAI-C (Beidel et al., 1998, 2000) at 2-week follow-up; fear of negative evaluation as 
measured by the Brief Fear of Negative Evaluation-Revised (BFNE-R; Carleton et al., 
2006) at post-intervention and 2-week follow-up; anxiety symptoms as measured by 
the Screen for Child Anxiety Related Emotional Disorders (SCARED; Birmaher et al., 
1997) at post-intervention and 2-week follow-up; depressive symptoms as measured 
by the Revised Child Anxiety and Depression Scale – Major Depressive Disorder 
Subscale (Chorpita et al., 2000) at post-intervention and 2-week follow-up; and 
emotion sensitivity via shift in balance points across training sessions and at 2-week 
follow-up. 
 
 
2.5 Materials 
2.5.1 Social Phobia and Anxiety Inventory for Children (SPAI-C) 
The SPAI-C (Beidel et al., 1998, 2000) consisted of 26 items, assessing frequency of 
cognitive, behavioural, and somatic features of social anxiety. Each item was rated on 
a 3-point Likert scale (0 = never, or hardly ever to 2 = most of the time, or always), 
with some items including sub-items. The score range was between 0-52. In line with 
previous Irish research (Fitzgerald et al., 2016) and Storch et al. (2004), ‘scared’ was 
replaced with ‘nervous’, and item 9 was rephrased to ‘during lunch’ as many schools 
in Ireland do not have a cafeteria. In Phase 1, a cut-off score of ≥21 on the SPAI-C 
was used to determine invitation to participate in Phase 2. Beidel et al. (1998, 2000) 
have proposed a score of ≥18 to be appropriate for determining presence of social 
anxiety. We initially specified in our protocol that we would use a cut-off of ≥18 on 
the SPAI-C. However, a cut-off of ≥21 was used in the present study in line with 
evidence from Kuusiko et al. (2009), that the use of this higher cut-off score in a 
European adolescent population resulted in fewer false-positive diagnoses. 
Cronbach’s alpha scores for the SPAI-C were α = .93 at pre-intervention, .95  at 
post-intervention, and .95 at follow-up. 
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2.5.2 Brief Fear of Negative Evaluation (BFNE-R) 
The BFNE-R (Carleton et al., 2006) comprised 12 items which assessed fears of being 
evaluated negatively by others, a key component in social anxiety. The items were 
scored on a 5-point Likert scale from 0 = not at all characteristic of me to 4 = entirely 
characteristic of me, with four reverse-worded items (items 2, 4, 7, 10) and a score 
range of 0-48. Cronbach’s alpha scores for the BFNE-R were α = .92 at pre- , .94  at 
post-, and .95 at follow-up. 
 
2.5.3 Screen for Child Anxiety Related Emotional Disorders (SCARED) 
The SCARED (Birmaher et al., 1997) was used to investigate signs of anxiety 
disorders, and consisted of 41 items which can be divided into five subscales. Four 
subscales related to symptoms of specific anxiety disorders: Generalized Anxiety, 
Panic, Separation Anxiety, and Social Phobia, while the fifth subscale related to 
School Avoidance. Responses were rated on a 3-point Likert scale, from 0 = not true, 
or hardly ever true to 2 = very true or often true, with scores ranging from 0-82.  
Cronbach’s alpha scores for the total SCARED measure were .92 at pre-,  .94  at post, 
and .94 at follow-up. Cronbach’s alpha scores for the SCARED subscales at pre-, 
post- and follow-up training were as follows: SCARED-Social α = .83, .80, .88;  
SCARED-School Avoidance α = .68, .68, .68; SCARED Separation α 
= .75, .84, .84; SCARED-GAD α = .84, .87, .86; and SCARED-Panic α 
= .88, .92, .92.  
 
2.5.4 Revised Child Anxiety and Depression Scale- Major Depressive Disorder 
(RCADS-MDD)  
The RCADS-MDD (Chorpita et al., 2000) was used to assess symptoms of depression 
as characterised by the DSM-IV. The subscale contained 10 items, rated on a 4-point 
Likert scale from 0 = never to 3 = always, with a possible score range of 0-30. 
Cronbach’s alpha scores for the RCADS-MDD were α = .91 at pre- , .92  at post, 
and .93 at follow-up. 
 
2.5.5 Facial stimuli used for the emotion recognition training program 
Prototypical ‘happy’ and ‘disgust’ composite images were generated for both male 
and female stimulus sets using established techniques (Tiddeman, Burt, and Perrett, 
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2001) from 20 individual male and 20 individual female faces showing a ‘happy’ 
facial expression, and the same individuals of each sex showing a 
‘disgust’ expression. Original images came from the Karolinska directed emotional 
face set which is a well used and validated set of facial stimuli (Lundqvist, Flykt, and 
Öhman, 1998). These prototypical images were used as endpoints to generate a linear 
morph sequence that consisted of images that changed incrementally from 
unambiguously happy to unambiguously disgusted, with emotionally ambiguous 
images in the middle. 
The 20 original images of each sex were each delineated with 172 feature 
points to construct the stimulus images, which allows both shape and colour 
information to be averaged across the faces to generate ‘average’ happy and disgusted 
expressions using established techniques (Tiddeman et al., 2001). These composite 
images were used as endpoints to create a linear morph sequence that consists of 
images that change incrementally from unambiguously ‘disgusted’ to unambiguously 
‘happy’, with emotionally ambiguous images in the middle. We then created a 
sequence with 15 equally spaced images for use as experimental stimuli for each sex, 
resulting in two stimulus sets (see Figure 2). The faces at each end of the continuum 
were unambiguous, the intermediate images were morphs between these endpoints, 
and hence were genuinely ambiguous with no ‘correct’ answer.  
 
2.5.6 Emotion recognition training program 
The training program was a computerised task, delivered to participants over four 
consecutive days using the researchers’ laptops. The program was run using E-Prime 
2.0 software.   
  Software used to manipulate faces was Psychomorph (Tiddeman et al., 2005). 
Images were presented, in random order, for 150 ms, preceded by a fixation cross 
(1500–2500 ms, randomly jittered). Stimulus presentation was followed by a mask of 
visual noise (150 ms) and then a prompt asking the participant to respond (a 
judgement of happy or disgust). This response was self-paced, with no time limit. 
Task stimuli were matched to the participants’ identified gender. Other work indicates 
that emotion recognition training using composite faces generalises across identities 
(Dalili et al., 2016). 
Each of the four sessions consisted of three phases: baseline, training, and test. 
The baseline and test phases consisted of 45 trials, in which each of the stimuli from 
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the morph sequence was presented three times. Participant were required to make a 
forced-choice judgement on whether the presented face was ‘happy’ or ‘disgusted’. 
The training phase consisted of 30 trials, including feedback subsequent to each 
response selection with a message displaying ‘Correct/Incorrect! That face was 
happy/disgusted.’ In each block of the training phase each image was presented twice 
(making 180 training trials in total). Each image is of the same identity, with different 
levels of emotional expression. All participants were presented with exactly the same 
images. Participants in the control group received feedback based on their baseline 
balance point. Participants in the intervention group received feedback where the two 
faces nearest their balance point at baseline which were considered ‘disgusted’ were 
then classified as ‘happy’ during training. The feedback was designed in this way to 
promote a favourable shift in the balance point at which the intervention group 
perceived happiness over disgust, using the same procedure that has proved effective 
for sadness (Penton-Voak et al., 2012) and anger (Penton-Voak et al., 2013) in earlier 
work.  
We selected ‘disgust’ over ‘angry’ or ‘sad’ faces for the current study for 
several reasons. Firstly, the essential features of SAD based on the DSM-5 diagnostic 
criteria are: a marked fear of social situations in which the individual may be 
scrutinized by others, a fear that he/she will be negatively evaluated, and fear of being 
rejected. Young people experiencing social anxiety may misinterpret disgust as 
contempt – i.e., this might convey a more personal/social meaning in line with DSM-
5 criteria (Heuer et al., 2010). Disgust expressions convey a message of aversion or 
rejection (e.g., Rozin et al., 1994) and fear of being rejected is a central concern of 
individuals with social anxiety. Amir et al. (2010) also showed that socially anxious 
individuals rate the valence of disgust faces as more negative relative to angry faces. 
Therefore, given that the emotional expression of disgust has particular salience 
among those with social anxiety, we selected this emotion for the current study. 
 
[INSERT FIGURE 2] 
 
2.5.7 Balance point measurement  
E-prime 2.0 software assessed responses on each trial during the baseline and test 
phases of the four training days. Estimates of the participants’ balance points (i.e. the 
point at which participants were equally likely to respond ‘happy’ or ‘disgusted’) at 
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each of the four baseline and test phases were derived by counting the number of 
‘happy’ responses as a proportion of the total number of trials. Any differences in 
balance points from baseline to test over the four training sessions reflect changes in 
emotion perception as a result of the training.  
A score of 7.5 is the mathematical mid-point of the stimuli and would lead to 
50% of images being classified as 'happy' and 50% as 'disgusted'. A score of 7 is a 
relative bias towards disgust responses (versus happy), while a score of 10 is a 
relative bias towards happy responses (versus disgust). Within participants, 
classification responses to morph continua typically shift monotonically from one 
expression response to the other across the continuum presented. Therefore, a simple 
estimate of the balance points at pre-intervention, post-intervention, and 2-week 
follow-up can be derived by counting the number of happy responses as a proportion 
of the total number of trials (i.e., 45), and multiplying this by the number of images in 
the continuum (i.e., 15) to provide an estimate of the point of subjective equality. 
 
2.6 Procedure  
Ethics approval was granted by the human research ethics committee at [insert 
university name]. In addition to participant assent, consent was sought from multiple 
stakeholders, including school gatekeepers and parents/guardians.  
 Participants in both conditions were informed that emotion recognition 
training is a computerised training program designed to modify how people perceive 
emotions in facial expressions. The information sheet contained the following 
information: ‘How we interpret emotion in facial expressions plays an important role 
in how safe and comfortable we feel in certain situations. Much research has shown 
that people with high levels of anxiety tend to perceive ambiguous facial expressions 
as portraying negative emotions. The purpose of emotion recognition training is to set 
in place emotion recognition patterns that do not lead to excessive anxiety’.  
Data collection took place in the school setting during school hours. Participants 
eligible to take part in Phase 1 were required to complete the screening questionnaire 
in a quiet, supervised group setting which included the self-report social anxiety 
measure (SPAI-C; Beidel et al., 1998, 2000) and a section on demographic 
information. Participants who screened as having high levels of social anxiety were 
randomized to the intervention or control training group for Phase 2, using a 
computer-generated randomization list. Participants remained blind to group 
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assignment, while the research team remained blind as to group assignment until data 
collection was complete and the primary outcome was analysed. The computerised 
emotion recognition training was completed in small groups over four consecutive 
days, in a controlled, quiet room under the supervision of a member of the research 
team. Each training session took approximately 15 minutes for participants to 
complete. On day 1, participants completed the pre-intervention questionnaire before 
the training and on day 4, participants completed the post-intervention questionnaire 
after the training. Participants completed the 2-week follow-up questionnaire 
immediately after the final balance point measurement. Participants were debriefed 
following completion of data collection at 2-week follow-up.  
 
2. Results 
3.1 Missing Data 
A CONSORT diagram illustrating the flow of participants through the trial is shown 
in Figure 1. Two participants completed all of the training sessions in the intervention 
condition, and pre- and post-intervention data, but no follow-up data were collected. 
For these participants, the intention-to-treat approach was used when analysing 
follow-up data, using the last data point carried forward method (Waters et al., 2014). 
Given that males were trained with male stimuli and females were trained with female 
stimuli, two participants (one in each condition) were excluded from the final 
analyses based on gender selection of transgender. The final sample for analysis 
consisted of 92 participants, with 49 in the intervention group and 43 in the control 
group.  
 
3.2 Statistical overview 
 Treatment outcome data were analysed using ANOVAs. For all outcome measures, 
separate analyses were conducted to compare the intervention and control groups 
from pre-intervention to post-intervention to follow-up using 2 (Training: Intervention, 
Control) x 3 (Time: Pre-intervention, Post-intervention, Follow-up) mixed between-
within ANOVAs. To examine Training x Time interaction effects, separate ANOVAs 
were conducted for the intervention and control groups. Pairwise comparisons using 
Bonferroni adjustment were conducted to examine main effects for Time. Where 
Mauchly’s test indicated that the assumptions of sphericity had been violated for 
outcomes measures, the degrees of freedom were corrected using Greenhouse-Geisser 
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estimates of sphericity. Partial eta squared was calculated to estimate effect sizes (η
p
2). Linear regression was used to compare the intervention and control groups on 
primary (SPAI-C) and secondary (BFNE-R, SCARED, RCADS-MDD) questionnaire 
outcomes. Regression analyses were adjusted for age, gender, and baseline score on 
the outcome measure. Analyses were conducted using SPSS Statistics 20.  
 
3.3 Baseline characteristics 
Participant characteristics are summarized in Table 1. There were no between-group 
differences at baseline for demographic data and assessment scores between 
intervention and control group in our analyses. Means and standard deviations for the 
outcome measures at pre-intervention, post-intervention, and 2-week follow-up are 
shown in Table 2. ANOVA results are also presented in Table 2.  
 
 
 
[INSERT TABLE 2] 
 
3.4 Group differences in study outcomes 
 3.4.1 Primary outcome 
3.4.1.1 SPAI-C  
A main effect of Time on the SPAI-C total score [F(1.611, 143.407) = 5.948, p = .006, 
ηp2 = 0.063] was observed. There was evidence of a decrease in SPAI-C scores from 
pre-intervention to 2-week follow-up (Mdifference = 1.55 p = .024), and from post-
intervention to follow-up (Mdifference = 1.18, p = .019), but no evidence of a 
difference from pre-intervention to post-intervention (Mdifference = 0.38, p = 1.0). 
There was no main effect of Training or Time x Training interaction effect.  
 
3.4.2 Secondary outcomes 
3.4.2.1 Balance point measurement 
The baseline balance point scores did not correlate with any of the outcome measures 
at baseline. Mean difference scores in balance points from pre to post, and from pre to 
follow-up did not correlate with changes in outcome measures over time.  
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A Time x Training interaction effect was observed on the balance point 
measurement [F(1.822, 154.843) = 48.363, p < .001, ηp2 = 0.363]. This indicated that 
changes in scores on the balance point measurement over time differed between the 
intervention and control group. To examine this interaction, separate ANOVAs were 
conducted for the intervention and control groups. These results indicated a main 
effect of Time for the intervention group [F(2,92) = 74.587, p <  .001, ηp2 = 0.619] but 
not the control group [F(1.719, 67.044) = 0.303, p = .706 (ns), ηp2 = 0.008]. 
Participants in the intervention condition showed a shift in balance point (number of 
continuum frames) from pre- to post-intervention (Mdifference = -2.89, p < .001), 
from pre-intervention to follow-up (Mdifference = -2.32, p < .001), and from post-
intervention to follow-up (Mdifference = 0.57, p = .047). Balance point data for days 
1-4 of training and 2-week follow-up are presented in Figure 3. There was no effect of 
Time for the control condition [F(2,78) = 0.303, p = .739 (ns), ηp2=0.008]. 
   
[INSERT FIGURE 3] 
 
3.4.2.2 BFNE-R 
There were no effects of Time, Training, or Time x Training interaction on fear of 
negative evaluation. 
 
3.4.2.3 SCARED Total 
A main effect of Time on the SCARED Total Score was observed, where anxiety 
scores decreased over time [F(1.701, 153.068) = 14.438, p < .001, ηp2= 0.138]. 
There was strong evidence of a difference in SCARED scores from pre-intervention 
to follow-up (Mdifference = 3.78, p < .001), and from post-intervention to follow-up 
(Mdifference = 2.24, p = .003), and weaker evidence from pre-intervention to post-
intervention (Mdifference = 1.55, p = .036). No main effect of Training or Time x 
Training interaction effect was observed. 
 
3.4.2.4 SCARED Subscales 
A main effect of Time was observed on SCARED GAD [F(1.749, 157.370) = 7.515, 
p = .001, ηp2 = 0.077], SCARED Separation [F(2, 180) = 8.833, p < .001, ηp2 = 
0.089], and SCARED Social [F(1.835, 165.117) = 12.274, p < .001, ηp2 = 0.120]. 
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For SCARED GAD, there was a difference in scores from pre-intervention to post-
intervention (Mdifference = 0.52, p = .037) and from pre-intervention to follow-up 
(Mdifference = 0.90, p = .004) but not from post-intervention to follow-up. For 
SCARED Separation, there was a difference in scores from pre-intervention to 
follow-up (Mdifference = 0.75, p = .001), and from post-intervention to follow-up 
(Mdifference = 0.54, p = .01) but not from pre-intervention to post-intervention. For 
SCARED Social, a difference in scores from pre-intervention to follow-up 
(Mdifference = 1.15, p < .001), and from post-intervention to follow-up (Mdifference 
= 0.82, p = .003) was noted but no difference was observed from pre-intervention to 
post-intervention. There was no effect of Time on SCARED Panic (p = .036) or 
SCARED School Avoidance subscales (p = .151). No main effect of Training or Time 
x Training interaction effects were observed on the SCARED subscales. 
 
3.4.2.5 RCADS-MDD 
No main effect of Time was observed; however, there was a Time x Training 
interaction on the RCADS-MDD, [(F(1.841, 163.879) = 4.364, p = .017, ηp2 = 
0.047)] This indicated that changes in scores on the RCADS-MDD over time differed 
between the intervention and control groups. To examine this interaction, separate 
ANOVAs were conducted for the intervention and control groups. The results 
indicated a main effect of Time for the intervention group [F(1.733, 83.194) = 4.314, 
p = .021, ηp2 = 0.082)] but not for the control group [F(2,82) = 0.954, p = .389 (ns), 
ηp2 = 0.023)]. Pairwise comparisons revealed that, for the intervention group, there 
was evidence difference in RCADS-MDD scores from pre-intervention to post-
intervention (Mdifference = 1.02, p = .05), weak evidence of a difference from pre-
intervention to follow-up (Mdifference = 1.32, p = .064), and no evidence of a 
difference from post-intervention to follow-up (p = 1.0). 
 
Supplementary analyses were carried out to further investigate potential differences 
over time as a result of emotion recognition training (see Section 3.5).  
 
3.5 Supplementary analyses (linear regression) 
Linear regression was used to further investigate the effect of Training on primary and 
secondary outcomes at post-intervention and 2-week follow-up. Analyses were 
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adjusted for baseline scores on the associated outcome measure, age, and gender. 
These results are outlined in Table 3. There was no effect of Training on the SPAI-C, 
BFNE-R, or SCARED scores at 2-week follow-up. The data indicated that those in 
the intervention group showed lower depression scores on the RCADS-MDD two 
weeks after the training intervention relative to those in the control group.  
 
[INSERT TABLE 3] 
 
3. Discussion 
The aim of the present study was to investigate the effect of four sessions of emotion 
recognition training in reducing symptoms of social anxiety among a community-
based sample of adolescents reporting high levels of social anxiety. Participants who 
received the emotion recognition training intervention displayed a positive shift in the 
balance point at which they perceived happiness over disgust in ambiguous facial 
expressions, an effect which was retained at 2-week follow-up, providing support for 
the usefulness of emotion recognition training as a CBM technique. However, there 
was no clear evidence that the training improved the primary outcome measure of 
social anxiety at post-intervention, or the associated measure of fear of negative 
evaluation.  
Both the intervention and control group displayed evidence of a decrease in 
general anxiety scores at post-training and 2-week follow-up; however, it is notable 
that this reduction in scores was minor. Finally, the intervention group showed a 
reduction in depression scores at 2-week follow-up compared to the control group as 
demonstrated by a supplementary regression analysis. Scores on the RCADS-MDD 
subscale reduced in the intervention group from pre-intervention to post-intervention, 
with a further reduction in the intervention group’s mean score on this measure at 2-
week follow-up. This is noteworthy as symptoms of social anxiety and depression are 
often highly correlated in youth (Beesdo et al., 2007). Also, the lower scores on the 
RCADS-MDD at 2-week follow-up indicate that the effect on this secondary outcome 
may be maintained once participants have applied emotion recognition training in 
real-world settings. It may be that emotion recognition training results in improved 
symptoms if a sufficient amount of time after training has elapsed to allow interaction 
with others, such that alterations in these processing biases give rise to more positive 
social interactions. Recently, Dalili et al. (2016) have reported that training on similar 
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emotion recognition training tasks transfers to other faces, i.e. beyond the stimuli used 
in the training task,  and so the effect of training in such tasks may go on to influence 
participants’ real-world social interactions. 
Our study hypothesized that individuals randomized to receive the emotion 
recognition training would demonstrate a favourable shift in the balance point at 
which they perceive happiness over disgust, with a subsequent reduction in their 
symptoms of social anxiety. It is important to higlight that these results deviated from 
the current study’s hypothesis and only an immediate depression-reducing effect was 
demonstrated.  Thus, these findings do not support the effectiveness of emotion 
recognition training for reducing social anxiety in adolescents. Previous research has 
also shown that emotion recognition training significantly reduced symptoms of 
depressed mood in students (e.g., Penton-Voak et al., 2012).  While bias in emotion 
recognition may be a cognitive feature of both depression and anxiety, emotion 
recognition bias may be more closely associated with depression as a maintaining 
factor. Alternatively, emotion recognition bias may be more related to mood state 
than trait anxiety, which may explain why out hypotheses were not supported in the 
current study with socially anxious adolescents. While emotion recognition training 
has been shown to be beneficial in altering affect (Penton-Voak et al., 2012), and 
aggressive behaviour (Penton-Voak et al., 2013), these symptoms can be interpreted 
as more mood state-relevant, and may be more susceptible to change over shorter 
periods of time, as opposed to social anxiety in which the symptoms are more 
persistent and trait-like (Rapee et al., 2013).  
Emotion recognition bias is one cognitive mechanism underlying social 
anxiety and socially anxious adolescents show biases in numerous cognitive processes 
(e.g., interpretation biases, attention biases) that help explain the maintenance of 
social anxiety. However, there is more limited evidence about whether these cognitive 
biases play a role in the initial development of social anxiety. Further research is 
needed to examine how emotional recognition biases comes to be established and 
whether this process interacts with other cognitive processes to increase the risk of 
developing social anxiety disorder (Spence and Rapee, 2016). It may also be the case 
that biased emotional processing of facial expressions may contribute to specific 
social anxiety symptoms, such as safety behaviours (e.g., avoiding eye contact in 
social interactions), and more specific training targeting these biases in the future may 
be warranted.  
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4.1 Strengths 
The present study built on previous research which highlighted a need for innovative 
and accessible interventions for young people (Cristea et al., 2015a), including those 
reporting sub-clinical levels of social anxiety (Ruscio, 2010). The use of emotion 
recognition training addressed previous propositions that biased processing in social 
anxiety may predominantly be associated with identification of ambiguous facial 
emotions (Button et al., 2013; Yoon and Zinbarg, 2007). The inclusion of disgust 
stimuli in the training program was a notable strength, as while both anger and disgust 
facial stimuli are shown to cause increased neural reactivity in socially anxious 
individuals (Moser et al., 2008), evidence suggests disgust stimuli are perceived more 
negatively (Amir et al., 2010). The emotional salience of disgust is also more likely to 
reflect fears of humiliation, embarrassment, and rejection associated with social 
anxiety (American Psychiatric Association, 2013).  
The use of a standardized protocol for administration of the four-day emotion 
recognition training intervention was a critical strength as it is recognised that CBM 
techniques often vary considerably in terms of administration, making it difficult to 
compare study effectiveness (Cristea et al., 2015b). Another strength of the present 
study is the  triple-blind design of the RCT as participants were blinded to group 
assignment until debriefing, and both the researchers involved in data collection and 
analysis of the primary and secondary outcomes were blinded to group assignment 
until preliminary analyses were conducted. Employing a triple-blind design 
strengthens the credibility of the present study’s findings, as potential for biases was 
minimized (Miller and Stewart, 2011). 
 
4.2 Limitations  
The complex nature of social anxiety, whereby the salience of the social situation is 
emphasised (American Psychiatric Association, 2013), may render it a difficult target 
for interventions such as emotion recognition training. While the present study 
successfully modified processing of emotionally ambiguous faces, other elements of 
the social situation were not addressed. For example, research has proposed a need for 
a more cross-modal approach to the biased processing of emotionally ambiguous 
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stimuli in social anxiety. Non-facial cues, such as vocal and postural cues are also 
sources of emotional ambiguity which are heavily implicated in social situations 
(Peschard et al., 2014). It may be beneficial for future research to investigate the 
processing of these alternative social cues, and potentially integrate different 
modalities into CBM techniques.  
This study hypothesized that bias in emotion recognition processing 
characteristic of social anxiety is the mechanism of action for reducing symptoms of 
social anxiety in adolescents. However, results showed that baseline balance points 
were not associated with baseline anxiety measures in this study and difference scores 
in balance points were not associated with changes in anxiety measures. Establishing 
an association between bias in emotion recognition and anxiety symptoms is of crtical 
importance. However, there is previous research evidence to support that higher 
anxiety is associated with poorer emotion recognition (Blair et al, 2008). 
Experimental research has shown reduced emotion recognition accuracy and 
increased interpretation bias when state anxiety was heightened (Attwood et al., 
2017).  
Consideration needs to be given to the measure of emotion sensitivity bias via 
changes in balance point measurement in this study. The balance point is an estimate 
of the point of subject equality at which participants are equally likely to answer 
‘happy’ or ‘disgust’. A psychophysical approach such as a probit fit has the potential 
to estimate this point more accurately, however, pragmatically, this approach required 
more trials and a longer training session to determine a participant’s personal 
threshold. We employed a short training session in this study with the aim of 
maintaining participant engagement, which is of particular importance with 
potentially vulnerable participants. Furthermore, changes in these balance point scores 
is a reliable assessment of shift in emotional recognition bias and robust training 
effects have been generated both in the current study and in other published work 
(e.g., Adams et al., 2013; Penton-Voak et al., 2012). Establishing that changes in 
balance point measurements is a valid and sensitive measure of shift in emotional 
recognition response bias is necessary in future research to draw solid conclusions 
about the relationship between change of perception bias and change of anxiety. 
 
Another methodological limitation is that the current study did not assess 
whether participants’ had knowledge about what training condition they were 
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assigned to. Further research examining the effectiveness of CBM training should 
include a single questionnaire item post-training to determine if participants’ know 
what condition they are assigned.  
The study protocol published on clinicaltrials.gov specified that a gender-
matched training task would be used with participants. As a result, we excluded two 
participants from analyses based on the selection of ‘transgender’ in response to the 
‘gender’ demographic question. Rather than removing the transgender students’ data, 
we recommend that future research in this area ask participants who identify as 
transgender what version of the task they would prefer to complete (i.e., the 
programme that aligns with their natal sex or with their gender identity) and include 
these participants in analyses.  
There is robust experimental evidence that the effects of emotion recognition 
training generalize across identities/ transfers to other faces (Dalili et al., 2016) and is 
associated with behavioural outcomes in other studies (Stoddard et al., 2013). 
However, there is no evidence for transfer in this study which leaves open the 
possibility that the cognitive training effects may not be able to transfer to a different 
set of materials and cognitive tasks. In recent years, there has been a greater emphasis 
placed on utilising both near-transfer (processing requirements similar to those being 
trained) and far-transfer (the degree of transfer to more distal contexts) measures of 
bias when evaluating the effectiveness of CBM programmes to  demonstrate the 
degree of transfer of training beyond the specific task (LeMoult et al., 2017). Further 
research providing direct evidence of near-transfer and far-transfer effects for emotion 
recognition training is needed. 
 Findings from this research align with previous studies on decoding facial 
expression of emotion (e.g., Bell et al., 2011; Button et al., 2013; Heuer et al., 2010) 
and suggest that interpretation biases among socially anxious individuals are based on 
deficits in their ability to identify emotional expressions under conditions of low 
intensity or ambiguity. This novel CBM technique was effective in modifying 
emotion recognition by increasing the perception of happiness over disgust in 
ambiguous expressions, however, there was no subsequent reduction in social anxiety 
symptoms. Further research is needed to determine a causal link between 
interpretation biases in facial decoding and social anxiety, before exploring the 
clinical utility of this training program. Additional research is also warranted to 
further explore the effect of emotion recognition training on symptoms of depression, 
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as observed in the present study, and further follow-up time-points may determine if 
observed effects are retained long-term.   
 
4.3 Conclusions 
Overall, emotion recognition training is still a very new form of CBM and requires 
further investigation to determine its effectiveness as an intervention for social 
anxiety. The findings of this study provide preliminary evidence that emotion 
recognition training is effective in positively shifting the perception of happiness over 
disgust for ambiguous facial expressions in socially anxious adolescents, but that this 
cognitive change is not reflected in self-report social anxiety symptoms.  
While emotion recognition training has been shown to be beneficial in altering 
affect (Penton-Voak et al., 2012), and aggressive behaviour (Penton-Voak et al., 
2013), these symptoms can be interpreted as more mood state-relevant, and may be 
more susceptible to change over shorter periods of time, as opposed to social anxiety 
in which the symptoms are more persistent and trait-like (Rapee et al., 2013). It may 
be advisable for future emotion recognition training research to retreat back toward 
more exploratory investigations; in order to advance understanding of the relationship 
between the targeted processing biases and their associated psychological outcomes, 
as is advised for CBM research in general (Koster and Bernstein, 2015). An informed 
understanding of the benefits of emotion recognition training, in terms of the nature of 
the symptomatology it can successfully impact, is critical before progressing with 
modification of the program for various conditions. 
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Figure 1 CONSORT diagram illustrating the flow of participants through the RCT 
Invited to participate (n= 1514) 
Excluded (n=1262) 
-No returned consent form (n=1217) 
-Absent on day of screening (n=42) 
-Met exclusion criteria (n=3) 
Phase 1 Screening (n=255) 
Excluded (n=140) 
(Did not exceed SPAI-C cut-off) 
Phase 2 RCT (n=115) 
Control group (n=57) 
Excluded: absent (n=11) 
Intervention group (n=58) 
Excluded: absent (n=7) 
Session 1 (n=43) 
Session 2 (n=35) 
Session 3 (n=42) 
Session 4 (n=41) 
Session 1 (n=47) 
Session 2 (n=45) 
Session 3 (n=47) 
Session 4 (n=49) 
Training 
Excluded from analysis: 
-no post-intervention data (n=1) 
-other (n=1) 
 
Analysed (n=49) 
-Completed 3 days training (n=8) 
-Completed 4 days training (n=41) 
 
Excluded from analysis: 
-training not as prescribed (n=1) 
-no post-intervention data (n=1) 
-other (n=1) 
 
Analysed (n=43) 
-Completed 3 days training (n=10) 
-Completed 4 days training (n=33) 
 
Analysis 
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Figure 2 Examples of stimuli from the emotion recognition training program  
 
 
 
Figure 3 Balance points for days 1-4 of training (pre- and post-intervention) and 2-
week follow-up balance point. Error bars represent the standard error of the mean. 
Estimates of the participants’ balance points at each of the four baseline and test 
phases were derived by counting the number of ‘happy’ responses as a proportion of 
the total number of trials. 
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Table 1 Demographic information for participants in the intervention and 
control groups 
 
  Interventio
n 
(n = 49) 
%(n) 
Control 
(n = 43) 
%(n) 
Agea  15.71(0.68) 15.84(0.65) 
 
Gender Female 65.3(32) 62.8(27) 
 Male 34.7(17) 37.2(16) 
 
Ethnicity White 91.8 (45) 95.2(40) 
 
School year 4th year (TY)b 73.5(36) 65.1(28) 
 5th year 26.5(13) 34.9(15) 
 
School disadvantaged 
status  
Non-
disadvantaged 
95.9(47) 93(40) 
 Disadvantaged 4.1(2) 7(3) 
 
Use of mental health 
service 
No 81.6(40) 74.4(32) 
 Yes 18.4(9) 25.6(11) 
 
Highest educational 
level of mother 
Junior Certificate 12.2(6) 9.3(4) 
 Leaving 
Certificate 
18.4(9) 23.3(10) 
 Qualified 
tradesperson 
0(0) 4.7(2) 
 College/university 
degree 
26.5(13) 18.6(8) 
 Professional 
degree 
12.2(6) 25.6(11) 
 Other  30.6 (15) 18.6(8) 
 
 
Notes. 
a Age – Mean(SD). 
b TY is optional in some Irish second-level schools. 
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Table 2 Means, standard deviations and significant ANOVA results for 
primary and secondary outcome measures at pre-, post-, and 2-week 
follow-up 
Outcome 
Measure 
Intervention 
(n = 49) 
M(SD) 
Control 
(n = 43) 
M(SD) 
Results 
SPAI-C 
 Pre- 
   Post- 
   Follow-up 
 
29.98(7.38) 
29.45(8.15) 
28.12(8.92) 
 
29.12(7.51) 
28.70(8.92) 
27.70(10.11) 
 
Time: F(1.611, 143.407)=5.948, 
p=.006,  ηp2=0.063 
Training: F(1,89)=.221, p=ns,  
ηp2=0.002 
Time x Training: F(1.611, 
143.407)=.077, p=ns,  ηp2=.001 
BFNE-R 
Pre- 
   Post- 
   Follow-up 
 
29.35(11.39) 
28.24(11.97) 
28.78(12.11) 
 
30.65(9.07) 
30.98(10.37) 
29.49(11.66) 
 
Time: F(1.666, 149.942)=1.361, 
p=ns,  ηp2=0.015 
Training: F(1,90)=.491, p=ns,  
ηp2=0.005 
Time x Training:  F(1.666, 
149.942)=1.943, p=ns,  
ηp2=0.021 
SCARED Total 
 Pre- 
   Post- 
   Follow-up 
 
36.24(13.87) 
34.41(14.41) 
31.96(15.19) 
 
35.88(13.66) 
34.63(15.49) 
32.60(16.15) 
 
Time: F(1.701, 
153.068)=14.438, p<.001,  
ηp2=0.138 
Training: F(1, 90)=.003, p=ns,  
ηp2=0.000 
Time x Training: F(1.701, 
153.068)=.255, p=ns,  
ηp2=0.003 
SCARED GAD 
Pre- 
   Post- 
   Follow-up 
 
11.94(4.32) 
11.29(4.62) 
10.96(4.95) 
 
11.86(4.04) 
11.47(4.21) 
11.05(4.33) 
 
Time: F(1.749, 157.37)=7.515, 
p=.001, ηp2=0.077 
Training: F(1,90)=.005, p=ns,  
ηp2=0.00 
Time x Training: F(1.749, 
157.27)=.158, p=ns,  ηp2=0.002 
SCARED 
Panic 
Pre- 
   Post- 
   Follow-up 
 
8.59(6.17) 
8.29(6.74) 
7.69(6.52) 
 
8.49(6.00) 
8.00(7.07) 
7.88(7.17) 
 
Time: F(2, 180)=3.395, p=.036,  
ηp2  =0.036 
Training: F(1, 90)=.002, p=ns,  
ηp2=0.000 
Time x Training: F(2, 180)= 
.346, p=ns,  ηp2=0.004 
SCARED 
Separation 
 Pre- 
   Post- 
   Follow-up 
 
3.61(3.09) 
3.41(3.43) 
2.82(3.15) 
 
4.19(3.54) 
3.98(3.67) 
3.49(3.99) 
 
Time: F(2,180)=8.833, p<.001, 
ηp2=0.089 
Training: F(1,90)=.758, p=ns,  
ηp2=0.008 
Time x Training: F(2, 180)= 
0.050, p=ns,  ηp2=0.001 
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SCARED 
Social 
 Pre-  
   Post- 
   Follow-up 
 
9.67(2.97) 
9.24(3.04) 
8.53(3.78) 
 
9.42(3.15) 
9.19(2.89) 
8.26(3.53) 
 
Time: F(1.835, 
165.117)=12.274, p<.001, 
ηp2=0.120 
Training: F(1,90)=0.101, p=ns,  
ηp2=0.001 
Time x Training: F(1.835, 
165.117)= .124, p=ns,  
ηp2=0.001 
SCARED 
School 
Avoidance 
 Pre-  
   Post- 
   Follow-up 
 
2.43(1.89) 
2.18(1.91) 
1.96(1.83) 
 
1.93(1.89) 
2.00(1.94) 
1.93(1.91) 
 
Time: F(1.861, 167.499)=1.936, 
p=ns,  ηp2=0.021 
Training: F(1,90)=.409, p=ns,  
ηp2=0.005 
Time x Training: F(1.861, 
167.499)=1.969, p=ns, 
ηp2=0.021 
RCADS-MDD 
 Pre- 
   Post- 
   Follow-up 
 
11.73(6.74) 
10.71(7.39) 
10.41(7.42) 
 
10.95(6.69) 
11.53(6.99) 
11.38(7.37) 
 
 
Time: F(1.841, 163.879)=.916, 
p=ns,  ηp2=0.010 
Training: F(1,89)=0.058, p=ns,  
ηp2=0.001 
Time x Training: F(1.841, 
163.879)=4.364, p=.017, 
ηp2=0.047 
Emotion sensitivity 
(as measured by balance 
points) 
  
   Pre-  7.02(0.99) 7.07(0.91) Time: 
F(1.822,154.843)=42.764, 
p=.000,  ηp2=.335 
Training: F(1,85)=36.074, 
p=.000,  ηp2=.298 
Time x Training: F(1.822, 
154.843)=48.363, p<.001,  
ηp2=0.363 
 
   Post- 9.96(1.87) 6.95(1.48) 
   Follow-up 9.41(2.11) 7.02(1.59) 
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Table 3 Results from supplementary analyses using linear regression 
 Minimally adjusteda 
Bc (95% CI)  
Fully adjustedb 
Bc (95% CI)  
Post-
intervention: 
  
SPAI-C -.064(-1.648 – 1.520), p = .936  -.012(-1.614 – 1.590), p = .988 
BFNE-R 1.431(-.425 – 3.288), p = .129 1.361(-.504 – 3.226), p = .151  
SCARED  .581(-1.827 – 2.989), p = .633  .621(-1.765 – 3.006), p = .606 
RCADS-MDD 1.585(.356 – 2.815), p = .012 1.656(.414 – 2.898), p = .010 
   
2-week follow-up:   
SPAI-C .310(-1.981 – 2.600), p = .789 .500(-1.769 – 2.770), p = .662 
BFNE-R -.575(-3.112 – 1.961), p = .653 -.432(-2.950 – 2.086), p = .734 
SCARED .997(-2.360 – 4.355), p = .557 1.310(-1.955 – 4.575), p = 
.427 
RCADS-MDD 1.722(.215 – 3.230), p = .026 1.831(.314 – 3.348), p = .019 
 
Notes. 
a Adjustment for baseline measurement. 
b Further adjustment for age and gender. 
c Unstandardized coefficient.  
 
 
